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BACKGROUND: A golf bag filled with a set of clubs provides a substantial load. When carried over 
distance this can increase the demands placed upon the golfer, leading to discomfort, fatigue and 
injuries. This study aimed to compare the metabolic demands of 2 methods of golf bag carriage. 
METHODS: A total of sixteen healthy male recreational golfers participated in the study. Participants 
were given an initial familiarization session in which their self-selected walking speed was determined. 
This was utilized as the treadmill speed for all subsequent trials. The testing protocol consisted of 3 
randomized trials of treadmill walking for 5 minutes in each of three conditions: unloaded, single-strap 
bag and double-strap bag. Equipment consisted of a double-strap golf bag with a standard set of clubs 
weighing 12.5kg. For all trials oxygen consumption (L·min-1), VO2 (ml·kg·min-1) respiratory minute 
volume (VE) (L·min-1), and heart rate (HR) were measured. RESULTS: Results showed that the double-
strap bag required significantly less oxygen consumption (1.19±0.19 vs 1.31±0.16 L·min-1, p<0.01) 
relative oxygen consumption (14.49±2.06 vs 15.93±2.25 ml·kg·min-1, p<0.01), reduced respiratory 
minute volume (29.95±4.19 vs 32.47±4.26 L·min-1, p<0.05), and lower heart rates (100.14±11.05 vs 
106.96±9.33 BPM, p<0.001) than the single-strap bag. Both methods of carriage showed significantly 
greater metabolic demands than the unloaded condition (p<0.05). CONCLUSIONS: The decreased 
metabolic cost of carrying a double-strap golf bag may facilitate a reduction in fatigue and reduced 
mechanical stress. Golf bag transportation must therefore be recognized as a factor in reducing the risk 
of injury and improving playing performance. 
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Key Points 
• A golf bag filled with clubs provides a substantial load to be transported. 
• The metabolic demands of golf bag carriage are significantly higher than in an unloaded condition. 
• The use of a double strap golf bag reduces the metabolic cost of load carriage in comparison to a 
single strap bag. 





Golf can be played and appreciated regardless of age, gender, or athletic ability, and is played by over 
50 million people worldwide1. Physically golf is a demanding game and its participation has the potential 
to affect a number of factors which determine health. These include longevity, cardiovascular, 
metabolic, and musculoskeletal system 2. However, many golfers do not understand the risk that golf 
poses to body through the repetitive and cumulative nature of the game. The potential for injury is often 
exacerbated by people playing without an appropriate warm up, and focussing unnecessarily on power 
and distance. Golf includes long bouts of walking and the effort of the game depends on walking speed, 
distance, course design, and the method of golf bag transportation2. A golf bag filled with a set of clubs 
provides a substantial load. When carried over distance this can increase the demands placed upon 
the golfer, which in turn can lead to discomfort, fatigue and injuries3. Some golf clubs are recommending 
the use of a trolley to reduce the risk of back problems4. 
There is now considerable research relating to load carriage that considers metabolic5, kinematic6, 
kinetic7, EMG8 and subjective perceptual9 differences. There appears to be literary consistency 
regarding the increased metabolic cost of load carriage and the advantage of systems that spread the 
load around the trunk. The metabolic demands of walking a golf course are considerable. When using 
a pull-cart for clubs, this has been reported to be 8.2 ± 0.2 metabolic equivalents per round, and requires 
46 ± 2.6% of a golfer’s functional capacity on a flat course or up to 85% on a hilly one10. This metabolic 
energy expenditure increases sharply if the golf bag is carried, and can easily double for a moderate 
load11.  
Load carriage can cause pain and discomfort in the lumbar and dorsal12, lower back and shoulders13, 
and cervical regions14. Traditional golf bags are designed with one strap that is slung over a single 
shoulder. Although the bag is positioned close to the centre of mass (COM), there is still significant 
asymmetrical loading. The increase in metabolic demands associated with asymmetrical loading can 
be due to changes in biomechanics, gait efficiency and muscle activation, Indeed, the forces and joint 
moments of walking increase markedly with load, as does the electromyographic activity of lower limb 
and trunk musculature15. This is exacerbated further if load is carried asymmetrically as a mechanism 
for posture adaptation is activated to maintain balance and COM16.  
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Pascoe et al.17 report that carrying a one strap back pack promotes lateral spine bending and shoulder 
elevation, whilst two-straps significantly reduced the carrying stresses due to the more even 
displacement across both shoulders. Orr et al.18 supports the finding of unilateral load causing lateral 
bending of the lumbar spine. This alteration increases concavity of the opposite side, increasing the 
potential for spinal injuries and the activation of lower back musculature. An EMG study by Cook and 
Neumann19 identified a rise in muscle activation of the contralateral muscles when load is carried 
asymmetrically. This in turn puts a higher demand upon the cardiorespiratory system and increased 
metabolic costs. Legg and Cruz20 acknowledged a significant difference in metabolic demand when 
comparing oxygen uptake of soldiers carrying a single-shoulder versus double-shoulder bag. They 
concluded that the double-shoulder bag would result in loads being tolerated for longer due to the 
decreased work load. The combination of increased muscle activation and alterations in gait are thought 
to cause the increase in metabolic costs associated with asymmetric loading3. 
The transportation of a golf bag therefore plays an integral role in both performance outcomes21 and 
injury prevalence13. The purpose of this study was to identify whether there were significant differences 




A total of sixteen healthy male recreational golfers volunteered to participated in this randomised cross-
over study (40.8 ± 16.2 years, 180.0 ± 6.1 cm, 83.3 ± 14 kg). Prior to participation the subjects completed 
and signed a health questionnaire and written informed consent. Subjects were excluded from the study 
if they had a history of back or lower extremity pathology, neural or heart conditions, or an inability to 
complete a 5-minute treadmill walk. Ethical approval was obtained from University College 
Birmingham’s Research Ethics Review Board and all procedures performed in compliance with relevant 
laws and institutional guidelines. 
Testing Procedures 
The equipment consisted of a double-strap golf bag (Ogio, Silencer stand bag) with a standard set of 
clubs weighing 12.5kg. The bag straps were adjusted so that the golf bag hung across the lower back 
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for both the single-strap and double-strap trials. For the single-strap trial only the right arm was placed 
through the carry strap and positioned on the right shoulder. The testing protocol consisted of a single 
trial at each of three load conditions: unloaded, single-strap bag and double-strap bag. All subjects were 
given an initial familiarisation session on the instrumented treadmill (4Front, Woodway) to determine 
their self-selected walking speed, based on their natural ambulation. This was recorded and utilised as 
the treadmill speed for all subsequent trials. This ensured a natural and consistent walking gait was 
adopted for all participants. For all trials a heart rate monitor was placed around the chest at the xyphoid 
process (Polar, H7), and a face mask placed on each subject in order to collect expired gases. Subjects 
sat quietly for 2 minutes before testing and baseline heart rate was recorded. Subjects were initially 
asked to walk unloaded on the treadmill for 5 minutes at their self-selected speed. Oxygen consumption 
and respiratory volume were collected using a calibrated portable ergospirometry system (Cortex, 
Metalyzer 3B), and heart rate recorded at 30 second intervals. Subjects were allowed to rest for 5 
minutes to ensure that heart rate returned to near resting levels (± 5 beats of baseline). The test was 
then repeated for each of the loaded conditions. The order of this was randomised for each of the 
subjects to limit selection bias and confounding variables. 
Statistical Analysis 
Mean values for oxygen consumption (VO2, L·min-1), relative oxygen consumption (VO2, ml·kg·min-1) 
respiratory minute volume (VE) (L·min-1), and heart rate (HR) were calculated. A one-way repeated 
measures analysis of variance (ANOVA) using an alpha level 0.05 was performed on all dependent 
variables using Statistical Package for the Social Sciences 23 (SPSS). Mauchley’s sphericity test was 
conducted on all ANOVA measures. The Greenhouse-Geisser adjustment was included for all outputs 
that violated the assumption of sphericity. Post-hoc Bonferonni corrected t-tests were used to examine 
multiple comparisons when the ANOVAs were significant. 
RESULTS 
Mean and standard deviations of oxygen consumption, relative oxygen consumption, VE and HR are 
presented in Table 1 for all three trial conditions. Self-selected walking speed ranged from 2.8 – 5.1 
km/h (3.81 ± 0.81 km/h). Repeated measures ANOVA determined that statistically significant 
differences existed between all 3 conditions for VO2 (F1.802. 14.412 = 44.588, p<0.001), ml·kg·min-1 (F1.644, 
13.155 = 18.302, p<0.001), VE (F1.842, 14.738 = 46.388, p<0.001), and HR (F2,16 = 33.896, p<0.001). Post-
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hoc analysis revealed that the double-strap carrying mode required significantly less oxygen 
consumption (1.19±0.19 vs 1.31±0.16 L·min-1, p<0.01) relative oxygen consumption (14.49±2.06 vs 
15.93±2.25 ml·kg·min-1, p<0.01), reduced respiratory minute volume (29.95±4.19 vs 32.47±4.26 L·min-
1, p<0.05), and lower heart rates (100.14±11.05 vs 106.96±9.33 BPM, p<0.001) than the single-strap 
carrying method. When compared to the walking trial, the double-strap carry system showed a 
statistically significant increase in oxygen consumption (1.19±0.19 vs 1.10±0.18 L·min-1, p<0.05), 
relative oxygen consumption (14.49±2.06 vs 13.35±1.60 ml·kg·min-1, p<0.01) and heart rate 
(100.14±11.05 vs 94.48±10.51 BPM, p<0.001), whilst VE showed no significant difference (29.95±4.19 
vs 28.13±4.12 L·min-1, p>0.05). Figure 1 gives a visual representation of the significant difference in 
metabolic demands of the three trial conditions, as measured by relative oxygen consumption (VO2).  
DISCUSSION 
This study confirmed that there is a significant increase in the metabolic cost (as measured by VO2, 
ml·kg·min-1, VE and HR) of carrying a golf bag and clubs when utilising a single strap method versus 
double strap carriage. This difference appears to be caused by the asymmetric loading associated with 
the single strap golf bag. Asymmetrical load alters the relationship of the centre of mass (COM) to the 
base of support (BOS). Postural balance is easily controlled, but becomes more difficult to control during 
ambulation as the body’s COM shifts outside the BOS. Walking is defined as a series of processes 
involving the loss and recovery of balance and requires significant dynamic stability. The body’s 
objective is the minimal displacement of the COM which optimises energy efficiency22. Asymmetric load 
displaces the location of the COM towards the loaded side, and is accompanied by gait modifications, 
which cause not only increased contralateral trunk flexion, but also a dominance shift in L5/S1 joint 
moment during normal walking23, 24. The asymmetrical external load associated with carrying a golf bag 
with the strap over one shoulder increases postural sway and the pulse rate and oxygen consumption 
increase. The higher energy costs related to asymmetric loading increases muscle activity and 
decreases gait efficiency25. An improvement in the symmetry of load carriage associated with the double 
strap golf bag requires less muscular activity to limit postural sway. This is turn leads to a decrease in 
the metabolic demands of the load carriage and may facilitate a reduction in fatigue that may negatively 
impact golf performance. These findings are consistent with those of previous studies that examined 
symmetrical and asymmetrical load carriage in children26, adults27, 28, soldiers20, and golfers3.  
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While the golf swing may not appear to be overly stressful, biomechanical studies have identified that 
the action requires a high degree of coordination29, and that many body parts are moving at high 
velocities and extreme ranges of movement30. The mechanics of the golf swing may contribute to injury 
susceptibility13, with less efficient and inappropriate movement patterns further increasing injury risk31. 
Indeed, club head velocity and accuracy have been seen to be reduced when players become 
fatigued32. It has also been suggested that fatigue in the latter stages of a game can lead to poor 
decision making, regarding shot or club selection33, and a decline in ability21. As the average golf round 
can take 4 hours to complete34, the reduced energy costs of carriage using a double-strap golf bag can 
limit this performance decline. This is due to the associated reduction in fatigue, particularly towards 
the end of the golf game35. 
The use of a double strap golf bag may also lead to fewer injuries. Gosheger et al.13 reported that 
regular carriage of a golf bag resulted in significantly more injuries to the lower back, shoulder and ankle 
than those who adopted other transportation methods. Asymmetric loading increases shearing forces 
at the joints and compressive forces induced by muscle contractions, with the potential for acute and 
long-term injury being far more considerable than symmetrical load carriage17. Indeed, mechanical 
alterations such as these also may lead to, or aggravate, chronic conditions such as osteoarthritis36. 
Moreover, the shoulder takes significant greater stress amongst one strap carriers and strain is 
prevalent in those who do not always use both straps on a two strap bag. This is due to the same 
shoulder being used to carry the bag which can lead to a functional scoliosis, and a compensatory lean 
away from the shoulder of carriage4.  
The adaptation mechanism associated with asymmetrical loading is associated with the mass of the 
load37. It is well established that the metabolic demands per kg of load carried is equal to the metabolic 
demands per kg of body mass up to approximately 30kg38. However, it has also been suggested that 
the metabolic demands increase more sharply as heavier loads are carried39. To prevent 
musculoskeletal injuries, the backpack load for adolescents and college-aged young adults has been 
recommended to not exceed 10–15% of the individual’s body weight (BW)40. Within the present study, 
the 12.5kg mass of the golf bag equates to 15% of the participant’s average body weight, although this 
varies from 12.8 to 18.2% if the weight range of participants is included. As the study participants were 
all adults, the loads that they can tolerate are higher than those of adolescents. However, the high 
relative load of the golf bag and the increased metabolic demands of the single-strap carriage method, 
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demonstrates that golf bag transportation must be recognised as a factor in reducing the risk of injury 
and improving playing performance.  
CONCLUSION 
The study is limited by a small sample size, although this may be disputed as statistically significant 
results were found. Within the study the participants were also required to walk continually for 5 minutes, 
and not for shorter durations that would be experienced by golfers during a real round. However, it is 
anticipated that the beneficial reduction in metabolic demand associated with the double-strap bag, 
would be increased over a full round of golf that can last 4 hours. This would allow players to play for 
longer and have more energy for other activities. In addition, less fatigue and reduced mechanical stress 
associated with the more symmetrical load carriage may lessen the risk of injury and improve 
performance. Although there is a benefit to fitness and weight loss of increasing the metabolic demands 
of load carriage, based on the findings of this study the encouragement of golfers to adopt alternative 
















1. Murray A, Daines L, Archibald D, Hawkes R, Grant L, Mutrie N. The relationship and effects of golf 
on physical and mental health: A scoping review protocol. Br J Sports Med 2016; 
doi:10.1136/bjsports-2015-095914. 
2. Parkkari J, Natri A, Kannus P, Manttari A, Laukkanen R, Haapasalo H, Nenonen A, Pasanen M, 
Oja P, Vuori I. 2000. A controlled trial of the health benefits of regular walking on a golf course. Am 
J Med 2000; 109(2): 102-108. 
3. Ikeda E, Cooper L, Gulick P, Nguyen P. The metabolic cost of carrying a single versus double-strap 
golf bag. J Strength Cond Res 2008; 22(3): 974-977. 
4. Leigh RJ, Young DB. Top carry of to pull: A study to investigate the transport of a junior’s golf bag. 
Clin Chiropr 2007; 10(4): 198-204. 
5. Bastien GJ, Willems PA, Schepens B, Heglund NC. Effect of load and speed on energetic cost of 
human walking. Eur J Appl Physiol2005; 94(1-2): 76-83. 
6. Atwells RL, Birrell SA, Hooper, RH, Mansfield NJ. Influence of carrying heavy loads on soldiers’ 
posture, movements and gait. Ergonomics 2006; 49(14): 1527-1537. 
7. Birrell S, Haslam R. The effect of load distribution within military load carriage systems on the 
kinetics of human gait. Appl Ergon 2010; 41(4): 585-590. 
8. Hong Y, Li J-X, Fong D. Effect of prolonged walking with backpack loads on trunk muscle activity 
and fatigue in children. J ElectRO Kines 2008; 18(6): 990-996. 
9. Lloyd R, Parr B, Davies S, Cooke C.. Subjective perceptions of load carriage on the head and back 
in Xhosa women. Appl Ergon 2010; 41(4): 522-529. 
10. Dobrosielski DA, Brubaker PH, Berry MJ, Ayabe M, Miller HS. The metabolic demand of golf in 
patients with heart disease and in healthy adults. J Cardiopulm Rehabil 2002; 22(2): 96-104. 
11. Kobringer L, Smith J, Hollman H, Smith A. The contribution of golf to daily physical activity 
recommendations: How many steps does it take to complete a round of golf? Mayo Clinic 
Proceedings 2006, 81(8): 1041-1043. 
12. Korovessis P, Koureas G, Papazisis Z. Correlation between backpack weight and way of carrying, 
sagittal and frontal spine curvatures, athletic activity, and dorsal and low back pain in schoolchildren 
and adolescents. J Spinal Disord Tech 2004; 17(1): 33-40. 
10 
 
13. Gosheger G, Liem D, Ludwig K, Greshake O, Winkelmann W. Injuries and overuse syndromes in 
golf. Am J Sports Med 2003; 31(3): 438-443. 
14. Chansirinukor W, Wilson D, Grimmer K, Dansie B. Effects of backpacks on students: Measurement 
of cervical and shoulder posture. Aust J PhysiotheR 2001; 47(2): 110-116. 
15. Knapik J, Harman E, Reynolds K. Load carriage using packs: A review of physiological, 
biomechanical and medical aspects. Appl Ergon 1996; 27(3): 207-216. 
16. Son S, Noh H. Gait changes caused by the habits and methods of carrying a handbag. J Phys Ther 
Sci 2013, 25(8): 969-971. 
17. Pascoe D, Wang Y, Shim D, Kim C. Influence of carrying book bags on gait cycle and posture of 
youths. Ergonomics 1997; 40(6): 631-641. 
18. Orr R, Johnston V, Coyle J, Pope R. Load carriage and the female soldier. J Mil Veterans Health 
2011; 19(3): 25-30. 
19. Cook T, Neumann D. The effects of load placement on the EMG activity of the low back muscles 
during load carrying in men and women. Ergonomics 1987; 30(10): 1413-1423. 
20. Legg SJ, Cruz CO. Effect of single and double strap backpacks on lung function. Ergonomics 2004; 
47(3): 318-323. 
21. Smith MF, Newell AJ, Baker MR. Effect of acute mild dehydration on cognitive-motor performance 
in golf. J Strength Cond Res 2012; 26(11): 3075-3080. 
22. Neumann DA. Kinesiology of the musculoskeletal system: Foundations for rehabilitation. St. Louis, 
Missouri: Mosby Elsevier; 2002. 
23. Devita P, Hong D, Hamill J. Effects of asymmetric load carrying on the biomechanics of walking. J 
Biomech 1991; 24(12): 1119-1129. 
24. Fowler NE, Rodacki ALF, Rodacki CD. Changes in stature and spine kinematics during a loaded 
walking task. Gait Posture 2006; 23: 133-141. 
25. Connolly BH, Cook B, Hunter S, Laughter M, Mills A, Nordtvedt N, Bush A. Effects of backpack 
carriage on gait parameters in children. Pediat Physl TheR 2008; 20(4): 347-355. 
26. Hong Y, Fong DT, Li JX. The effect of school bag design and load on spinal posture during stair 
use by children. Ergonomics 2011; 54(12): 1207-1213. 
27. Lloyd RJ. Cooke CB. The oxygen consumption associated with unloaded walking and load carriage 
using two different backpack designs. Eur J Appl Phys 2000; 81(6): 486-492. 
11 
 
28. Lloyd RJ, Cooke CB. Biomechanical differences associated with two different load carriage systems 
and their relationship to economy. Human Movement 2011; 12(1): 65-74. 
29. Hume PA, Keogh J, Reid D. The role of biomechanics in maximising distance and accuracy of golf 
shots. Sports Med 2005; 35(5): 429-449. 
30. Meister DW, Ladd AL, Butler EE, Zhao B, Rogers AP, Ray CL, Rose J. Rotational biomechanics of 
the elite golf swing: Benchmarks for amateurs. J Appl Biomech 2011, 27(3): 242-251. 
31. Lindsay D, Mantrop S, Vandervoort AA. A review of biomechanical differences between golfers of 
varied skill levels. Ann Rev Golf Coaching 2008; 2:187–197. 
32. Green A, Dafkin C, Kerr S, McKinon W. The effects of walking on golf drive performance in two 
groups of golfers with different skill levels. Biology of Exercise 2015; 11(1): 13-25. 
33. Smith MF. The role of physiology in the development of golf performance. Sports Med 2010; 40(8): 
635-655. 
34. Hayes PR, van Pardon K, French DN, Thomas K, Gordon DA. Development of a simulated round 
of golf. Int J Sports Physiol Perform 2009; 4(4): 506-516. 
35. Higdon NE, Finch WH, Leib D, Dugan EL. Effects of fatigues on golf performance. Sport Biomech 
2012; 11(2): 190-196. 
36. Buckwater JA. Sports, joint injury, and posttraumatic osteoarthritis. J Orthop Sports Phys Ther 
2003; 33(10): 579-588. 
37. Zhang XA, Ye M, Wang CT. Effect of unilateral load carriage on postures and gait symmetry in 
ground reaction force during walking. Comput Methods Biomech Biomed Engin 2010; 13(3): 339-
344. 
38. Goldman RF, Iampietro PF. Energy cost of load-carriage. J Appl Physiol 1962; 17: 675-676. 
39. Bobbert AC. Energy expenditure in level and grade walking. J Appl Physiol 1960; 15(6): 1015-1021. 
40. Brackley HM, Stevenson JM. Are children’s backpack weight limits enough? A critical review of the 








Table 1. Oxygen consumption (L·min-1), oxygen consumption by body mass (ml·Kg-1·min-1), 
respiratory minute volume (ml·min-1), and heart rate during a 5-minute treadmill walk without 
load carriage, and under single strap and double strap conditions.  
 Walking Single-Strap Bag Double-Strap Bag P-value 
Mean ± SD Mean ± SD Mean ± SD ANOVA Double-strap vs  
Single-strap 
VO2 1.10 ± 0.18 1.31 ± 0.16 1.19 ± 0.19 <0.001 <0.01 
VE 28.13 ± 4.12 32.47 ± 4.26 29.95 ± 4.19 <0.001 <0.05 
HR 94.48 ± 10.51 106.96 ± 9.33 100.14 ± 11.05 <0.001 <0.001 
 
